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ABSTRACT 

The a d d i t i o n  o f  Mission C-Prime r e s u l t e d  i n  a r e v i s i o n  
t o  t h e  o l d  ( C ,  D ,  E ,  F/G) t e s t  m i s s i o n  sequence and subseguen t  
r e d i s t r i b u t i o n  o f  t e s t  o b j e c t i v e s  among t h e  mis s ions  o f  t h e  new 
( C y  C - P r i m e ,  D ,  F,  G - l )  sequence.  

This memorandum reviews t h e  Detai led T e s t  O b j e c t i v e s  
which w i l l  remain a f t e r  a s u c c e s s f u l  Mission D .  I n  a d d i t i o n  t o  
t h e  new m i s s i o n  sequence ,  both ( C y  C - P r i m e ,  D ,  G - 1 )  and ( C ,  
C - P r i m e ,  D,  D-Prime, G - 1 )  sequences are d i s c u s s e d ,  n o t i n g  t h e  
t e s t  o b j e c t i v e s  which cou ld  b e  accomplished and t h o s e  which 
would remain.  

The new ( C y  C-Prime, D ,  F, G - 1 )  sequence w i l l  accompl ish  
a l l  b u t  f o u r  o f  t h e  t e s t  o b j e c t i v e s  a s s o c i a t e d  w i t h  t h e  o l d  ( C ,  
D ,  E ,  F/G) sequence.  Two of t h e s e  f o u r  o b j e c t i v e s  are o f  a more 
i m p o r t a n t  n a t u r e ,  r e q u i r i n g  a long  d u r a t i o n  Descent P r o p u l s i o n  
System burn  s i m u l a t i n g  t h e  lunar l a n d i n g  mis s ion  d e s c e n t  b u r n ,  
and a Lnl rendezvous with b w x  ~ c ~ t ~ a l l c i i  b;- t h e  Abort Guidance 
S y s t e m .  A ( C y  C-I ' r ln ie,  E, E - r " r , i m e ,  G - i j  sequence might p r o v i d e  
a d d i t i o n a l  freedom f o r  development shou ld  t h e r e  b e  some problems 
on Miss ion  D ,  b u t  even i n  t h e  b e s t  ca se  n i n e  t e s t  o b j e c t i v e s  
(all asscc ia ted  with LY pei*foIyiiiaIice in i h e  i u n a r  envi ronment )  
would remain a f t e r  t h i s  sequence.  A ( C y  C-Prime, D ,  G - 1 )  sequence 
would r e q u i r e  a major  d e p a r t u r e  from e x i s t i n g  f l i g h t  t e s t  r e q u i r e -  
ments ,  and would r e s u l t  i n  a t  l e a s t  2 0  o b j e c t i v e s  u n s a t i s f i e d  
p r i o r  t o  Miss ion  G - 1 .  
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INTRODUCTION 

The Apollo t e s t  m i s s i o n  sequence has been r e v i s e d  and 
t e s t  o b j e c t i v e s  have been r e d i s t r i b u t e d  among t h e  m i s s i o n s  of  
t h e  new sequence.  Some o f  t h e  p o s s i b l e  i m p l i c a t i o n s  o f  t h i s  
r e d i s t r i b u t i o n  of  o b j e c t i v e s  a r e :  l o s s  o f  i n - f l i g h t  development ,  
t h e  a d d i t i o n  o f  n o n - e s s e n t i a l  t e s t  o b j e c t i v e s ,  and t h e  c r e a t i o n  
o f  new o p p o r t u n i t i e s  f o r  i n - f l i g h t  development.  I n  o r d e r  t o  
d i s c u s s  these p o s s i b l e  i m p l i c a t i o n s ,  an  a n a l y s i s  i s  p r e s e n t e d  
i n  which s e v e r a l  v a r i a t i o n s  t o  t h e  c u r r e n t  m i s s i o n  sequence are  
compared by n o t i n g  d i f f e r e n c e s  i n  the  accomplishment o f  t h e  
p r e v i o u s  " f i x e d "  s e t  o f  t e s t  o b j e c t i v e s .  

There a re  s e v e r a l  p o i n t s  t o  ment ion i n  d e f i n i n q  t h e  
scope  o f  t h i s  memorandum. F i r s t ,  t h e  memorandum i s  no t  py iFaTi ly  
concerned  w i t h  t h e  r e d i s t r i b u t i o n  of  D e t a i l e d - T e s t  n h j e c t i v e s  (PTOs) 
t n a c  was caused by  The a d d i t i o n  of ! " i ss ion  C - - P r i m e .  Rather ,  t h e  
emphasis  here  i s  on t h e  change i n  t h e  D T O s  remain ing  a f t e r  Mission P. 
I n  t h e  m i s s i o n  sequence o f  August 1 9 6 8 ,  p r i o r  t o  t h p  dec!.slnn k c  
r^iy Miss ion  C - P r i m e ,  t h e  Mission E and F D T O s  d e f i n e d  t h e  f l i p h t  
t e s t  r e q u i r e m e n t s  r ema in ing  a f t e r  t he  s u c c e s s f u l  comple t ion  of' 
Mis s ions  C and D .  I n  t h i s  memorandum, o b j e c t i v e s  accomplished on 
M i s s i o n  C - P r i m e  are s u b t r a c t e d  from t h e  "o ld"  Miss ion  E and P 
o S j e c t i v e s ,  and t h e  r e s u l t i n g  s e t  o f  o b j e c t i v e s  i s  used  t o  d e f i n e  
t h e  f l i g h t  t e s t  r equ i r emen t s  which w i l l  r emain  a f t e r  Miss ion  D .  
Using t h e  rlold" o b j e c t i v e s  i s  i n  keeping  w i t h  t h e  i n t e n t i o n  t o  
examine a s e t  of  " f i x e d "  f l i g h t  t e s t  r equ i r emen t s  which a re  as 
independen t  o f  t h e  m i s s i o n  p r o f i l e s  as p o s s i b l e .  

The DTOs t h a t  were o f f i c i a l l y  a s s i g n e d  t o  Miss ion  
C-Pr ime  are s imi l a r ,  b u t  n o t  i d e n t i c a l  t o ,  t h e  ' 'old" X i s s i o n  E and 
F o b j e c t i v e s  t h a t  were accomplished on Miss ion  C - P r i m e .  These 
d i f f e r e n c e s  are  no ted  i n  Appendix A ,  which ccn ta i r , s  a t a b x l a t i o i i  
o f  t h e  r e d i s t r i b u t i o n  o f  t h e  "old" Miss ion  E and F DTOs. 

1 . 0  DETAILED TEST OBJECTIVES - 

Deta i led  T e s t  O b j e c t i v e s  s p e c i f i e d  i n  References  (1) 
and ( 2 )  were a s s i g n e d  by t h e  Apollo S p a c e c r a f t  Program O f f i c e  t o  
Miss ions  E and F, and these  were t h e  c u r r e n t  E and F? m i s s i o n  
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r e q u i r e m e n t s  j u s t  p r i o r  to t h e  d e c i s i o n  to f l y  Miss ion  C - P r i m e .  
I n  Table  (11, t h e  o l d  Miss ion  E and F DTOs have been l i s t e d  
a c c o r d i n g  to t h e  r e l a t ed  l u n a r  l a n d i n g  m i s s i o n  phase ,  and d i v i d e d  
i n t o  two g roups :  t h o s e  items e s s e n t i a l l y  r e s o l v e d  by t h e  
a d d i t i o n  o f  t h e  l u n a r  o r b i t  C-Prime Miss ion ,  and t h o s e  which w i l l  
r emain  a f t e r  Miss ion  D .  The DTO numbering scheme and DTO c a t e g o r y  
d e f i n i t i o n s  (i .  e .  , "MI', "Pt r  , or "S") used i n  T a b l e  (1) are  
e x p l a i n e d  i n  Appendix B .  

There i s  a c e r t a i n  degree  o f  d u p l i c a t i o n  among t h e  55 
DTOs  t h a t  were a s s i g n e d  to Miss ions  E and F .  F o r  example, 
o b j e c t i v e s  P 2 0 . 7 5  P a s s i v e  Thermal C o n t r o l  P rocedures  and P20.79 
P a s s i v e  T h e r m a l  C o n t r o l  Mode both  r e q u i r e d  a s i m u l a t i o n  o f  p a s s i v e  
thermal  c y c l i n g ,  i n  o r d e r  to determine  t h e  long-term s t a b i l i t y  o f  
t h e  s p a c e c r a f t  s l o w - r o l l - r a t e  dynamics. D u p l i c a t e  o b j e c t i v e s  
and o b j e c t i v e s  concerned w i t h  t h e  same t y p e  o f  system e v a l u a t i o n  
have t h e r e f o r e  been grouped t o g e t h e r  ( b r a c k e t e d )  i n  T a b l e  (1). 
The ma jo r  f l i g h t  t e s t s  i s s u e s  r e s o l v e d  on Miss ion  C-Prime have 
been as te r i sked  i n  T a b l e  (1) and l i s t e d  i n  F i g u r e  (l), to 
emphasize t h e  accomplishments of t h i s  m i s s i o n .  

2 . 0  PARTIALLY COMPLETED OBJECTIVES 

Three  o f  t h e  f l i g h t  t e s t  i s s u e s  l i s t e d  i n  F i g u r e  (1) were 
o n l y  p a r t i a l l y  r e s o l v e d  on Mission C-Pr ime ,  namely P a s s i v e  Thermal  
C o n t r o l ,  C i s l u n a r  Nav iga t ion ,  and Lunar O r b i t  Nav iga t ion .  T r a n s l u n a r  
t h e r m a l  c y c l i n g ,  a l though  at heavy i n e r t i a  on Miss ion  C-Pr ime ,  

s t a b i l i t y  o f  t h e  docked CSM and LM. T y p i c a l  s p a c e c r a f t  docked 
and undocked i n e r t i a  p r o p e r t T e s  a r e  l i s t e d  i n  T a b l e  ( 2 ) .  The 

t h e  r o l l i n g  i n e r t i a  f o r  t h e  docked c o n f i g u r a t i o n ,  b u t  on ly  abou t  
2 . 6  t imes t h e  r o l l i n g  i n e r t i a  f o r  t h e  f u l l y  loaded  undocked con- 
f i g u r a t i o n .  Non-zero p r o d u c t s  on i n e r t i a ,  r e s i d u a l  a t t i t u d e  ra tes  
w i t h i n  t h e  deadbands,  p r o p e l l a n t  s l o s h i n g ,  and o t h e r  d i s t u r b a n c e  
t o r q u e s  can  c a u s e  t h e  s p a c e c r a f t  to s lowly  d i v e r g e  from t h e  
i n t e n d e d  thermal  c o n t r o l  a t t i t u d e .  However, because  o f  t h e  la rge  
d i f f e r e n c e  between e i t h e r  p i t c h  or yaw and roll i n e r t i a s ,  one can  
e x p e c t  t h a t ,  i n  t h e  docked c o n f i g u r a t i o n ,  p i t c h  and yaw c o u p l i n g  
o f  t h e  t h e r m a l  c o n t r o l  r o l l  r a t e  w i l l  be l e s s  pronounced t h a n  f o r  
t he  undocked c o n f i g u r a t i o n .  

did iiot ei-Ltiile:ji I c a u l v e  q.;estizr,s c m c e r n i n g  the Img- te rm roll 

iiiomenj-s of <".e-+ IIIcI,,;a ir? p i t c h  ar,d yaw a r e  approximately lr) t i m e s  

The Miss ion  C-Pr ime (undocked) p a s s i v e  thermal c y c l i n g  
t e s t  e v i d e n t l y  i n d i c a t e d  adequate  r o l l  s t a b i l i t y  f o r  t h e  t r a n s -  
l u n a r  p n a s e ,  so  t h e r e  shou ld  be little z o n c e m  f o r  t h e  s t a b i l i t y  
of t r a n s l u n a r  thermal  c y c l i n g  i n  t h e  docked c o n f i g u r a t i o n .  
F i g u r e  ( 2 )  shows how t h e  CSM high g a i n  an tenna  (HGA) b o r e s i g h t  
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r e f e r e n c e  a n g l e s  can va ry  du r ing  one t y p i c a l  p a s s i v e  thermal 
c y c l i n g  r o t a t i o n .  With t h e  LM a t t a c h e d ,  t h e  shadow zone does  
n o t  change s o  as t o  a f f e c t  communications d u r i n g  thermal c y c l i n g .  
The data  from Miss ion  C - P r i m e  should be adequa te  f o r  t h e  assess- 
ment o f  communications d u r i n g  docked p a s s i v e  thermal c y c l i n g .  

T r a n s e a r t h  t h e r m a l  c o n t r o l ,  performed a t  low f u e l  
l o a d i n g ,  i s  c o n s i d e r e d  t h e  w o r s t - s t a b i l i t y  case,  because  t h e  low 
r o l l  momentum and l a r g e  u l l a g e  volume a g g r e v a t e  d i s t u r b a n c e  e f f e c t s .  
The t r a n s e a r t h  c a s e  was f l i g h t - t e s t e d  on Miss ion  C ,  b u t  a tmosphe r i c  
d r a g ,  as e x p e c t e d ,  caused  a n  a t t i t u d e  d i v e r g e n c e  r a t e  o f  approx i -  
ma te ly  1° /minute ,  much h i g h e r  t han  shou ld  b e  e x p e c t e d  d u r i n g  
c i s l u n a r  f l i g h t .  Mission C-Prime p e r m i t t e d  an  improved exerc ise  
i n  which:  ( a )  t h e  s p a c e c r a f t  was e n t i r e l y  f r ee  from a tmospher i c  
drag, and i n  i n e r t i a l  d r i f t  f o r  many h o u r s ,  ( b )  t h e  h i g h  g a i n  
a n t e n n a  was o p e r a t i n g  and communication c o n s t r a i n t s  cou ld  b e  
assessed, and ( c )  t h e  crew t i m e l i n e  was c o n s t r a i n e d  o n l y b y  a c t u a l  
c i s  l u n a r  a c t i v i t i e s  . 

I n  summary, l a c k  o f  the LM on Miss ion  C - P r i m e  does  n o t  
have s e v e r e  i m p l i c a t i o n s  for t h e  t h e r m a l  c y c l i n g  i s s u e .  It 
s h o u l d  be n o t e d  t h a t  t h e  p a s s i v e  t h e r m a l  c o n t r o l  o b j e c t i v e s  
( P 2 0 . 7 5  and P 2 0 . 7 9  i n  T a b l e  1) r e l a t e  t o  t h e  dynamics o f  t h e r m a l  
c o n t r o l ,  and do n o t  r e q u i r e  d e t e r m i n a t i o n  o f  t h e  r e s u l t i n g  thermal  
b a l a n c e .  O b j e c t i v e  P 7 . 2 6  ( C S M  and LM) Space Environment Thermal 
C o n t r o l  r e q u i r e s  a n  assessment  o f  the CSM and LMthermal b a l a n c e  i n  
c i s l u n a r  space  and ,  as i n d i c a t e d  i n  T a b l e  (l), t h i s  o b j e c t i v e  was 
n o t  accompl ished  on i ' /iission c-prime, because t h e  Miss ion  C - P r i m e  
c o n f i g u r a t i o n  d i d  n o t  i n c l u d e  t h e  LF4. 

-. mrne o t h e r  flight t e s t  issues l i s t e d  i n  F i g u r e  (ij 
t h a t  were on ly  p a r t i a l l y  r e s o l v e d  on Miss ion  C-Prime are  CSM 
C i s l u n a r  N a v i g a t i o n  and CSM Lunar O r b i t  Nav iga t ion .  A s  i n d i c a t e d  
i n  F i g u r e  ( 3 ) ,  t h e  f i e l d  of view o f  b o t h  t h e  s e x t a n t  and t h e  
s c a n n i n g  t e l e s c o p e  i s  more c o n s t r a i n e d  w i t h  t h e  LM a t tached ,  and 
onboard n a v i g a t i o n  was performed on t h e  C - P r i m e  Miss ion  wi thou t  
t h i s  LM i n t e r f e r e n c e .  S u n l i g h t  r e f l e c t e d  i n t o  t h e  o p t i c s  from 
LM s u r f a c e s  i s  a l s o  a problem unique t o  t h e  docked c o n f i g u r a t i o n .  
The l a r g e r  i n e r t i a s  of t h e  docked c o n f i g u r a t i o n  w i l l  make t h e  
s p a c e c r a f t  l ess  maneuverable w h i l e  do ing  n a v i g a t i o n  s i g h t i n g s ,  s o  
t h a t  i n  t h e  manual mode, s i g h t i n g s  might be more d i f f i c u l t  on t h e  
l u n a r  l a n d i n g  m i s s i o n .  While t h e  impor tance  o f  c o n s t r a i n t s  such  
as t h e s e  s h o u l d  n o t  be d i scoun ted  a p r i o r i ,  i t  i s  expec ted  t h a t  
knowledge of t h e  r e l a t ed  e f f e c t s  w i l l  a t  most cause  r e f i n e m e n t s  
( r a t h e r  t h a n  major  r e v i s i o n s )  t o  t h e  n a v i g a t i o n  s i g h t i n g  and land-  
mark t r a c k i n g  p r o c e d u r e s .  
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In addition to the major issues listed in Figure (l), 
there are also several more or less secondary test objectives 
which were only partially completed on Mission C-Prime. P20.44 
Simulated LO1 Maneuver is among the DTOs listed on the left of 
Table (l), but was only partially completed on Mission C-Prime. 
The Lunar Orbit Insertion (LOI) burn duration was approximately 
246 seconds on the C-Prime Mission (versus approximately 380 seconds 
on the lunar landing mission), and the dynamics and control of 
the burn were different without the LM. Similarly, translunar 
midcourse corrections (re s 2 0 . 7 6  and S 2 0 . 9 5 )  were performed in 
the undocked configuration on Mission C-Prime, and are performed 
in the docked configuration on the lunar landing mission. Flight 
test of differences such as these should at most result in re- 
finements to procedures, rather than any major revisions. 

3 . 0  REMAINING DTOs 

After the successful completion of Mission D, there 
will be 31 DTOs remaining, out of the 55 D T O s  assigned to Missions 
E and F in References (1) and (21 ,  treated here as a "fixed set" 
of requirements. These 31 "Remaining D T O s "  are listed on the 
right of Table (1). DTOs requiring the same type of system eval- 
uation have been grouped together (bracketed) as 26 separate test 
objectives, in order to avoid duplication. The majority of these 
26 objectives pertain to rendezvous and LM activity, and this is a 
dominant consideration in the assessment of the mission assignment 
for SA-505/CSM-106/LM-4. 

A detailed discussion of the 31 (26 separate) D T O s  
remaining after a (C, C-Prime, 0) sequence is included with the 
d i szuss i a r :  af missicn sequencec. in the n e x t  section. 

4.0 TEST MISSION SEQUENCE POSSIBILITIES 

Accompanying the addition of Mission C-Prime to the 
flight test program, the test mission sequence was changed from 
(C, D, E, F/G) to (C, C-Prime, D, F, G-1). In order to evaluate 
this change, this section considers the mission sequence possibili- 
ties that were available at the time the change was made, noting 
differences in the accomplishment of the 31 ''Remaining DTOs" . 

The discussion here is limited to sequences formed 
from the following six mission types: 

2. Mission C-Prime: CSM Operations 

3. Mission D :  CSM/LM Operations 
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4 .  Miss ion  D - P r i m e  

5.  Miss ion  F: Lunar Mission Development 

6 .  Miss ion  G - 1 :  F i r s t  Lunar Landing 

With t h e  e x c e p t i o n  of  Miss ion  D-Prime, t he  b a s i c  mis s ion  p r o f i l e  
f o r  each  of these  m i s s i o n  t y p e s  i s  s p e c i f i e d  i n  Reference  ( 5 ) .  
Miss ion  D-Prime i s  a v a r i a t i o n  of Miss ion  D which would p r o v i d e  
an e a r t h  o r b i t a l  r e s o l u t i o n  o f  t he  maximum number o f  "Remaining 
DTOs"  from T a b l e  (1). There has been no formal  d e f i n i t i o n  o f  
a Miss ion  D - P r i m e  p r o f i l e .  The f i r s t  l u n a r  l a n d i n g  m i s s i o n  
( G - 1 )  has been c a t e g o r i z e d  i n  the above l i s t  o f  m i s s i o n  t y p e s  
as a t e s t  m i s s i o n .  T h i s  r e f l e c t s  the  f a c t  t h a t  a number o f  
t e s t  o b j e c t i v e s  which r e q u i r e  an a c t u a l  l u n a r  l a n d i n g  have been 
assigned t o  Miss ion  G - 1 .  

Miss ion  E i s  n o t  i nc luded  among t h e  above m i s s i o n  
t y p e s  because  there  d i d  n o t  appear  t o  be s u f f i c i e n t  j u s t i f i c a -  
t i o n  f o r  a h i g h - e a r t h - o r b i t  miss ion ,  a f t e r  a ( C ,  C-Pr ime,  D )  
s equence .  All of  t h e  DTOs  tha t  r e q u i r e  a h i g h - e a r t h - o r b i t  
E-Type Miss ion ,  w i t h  t h e  e x c e p t i o n  o f  P20 .46  T r a n s p o s i t i o n /  
Docking/LM E j e c t i o n ,  a re  l i s t e d  on t h e  l e f t  o f  Tab le  ( 1 1 ,  among 
t h e  DTOs tha t  were accomplished on Miss ion  C - P r i m e .  O b j e c t i v e  
P20.46 i s  l i s t e d  on t h e  r i g h t  s i d e  o f  T a b l e  (l), among t h e  DTOs  
t h a t  w i l l  remain a f t e r  Miss ion  D .  A l l  o t h e r  "Remaining DTOs" 
e i t h e r  r e q u i r e  a l u n a r  o r b i t a l  mission, or can b e  performed i n  

t h e  h i g h  e a r t h  o r b i t  on Mission E would have s i m u l a t e d  t h e  
r e l a t ed  l i g h t i n g  and t r a j e c t o r y  c o n d i t i o n s  for a t r a n s l u n a r  

deployment sys tem has r e l i e v e d  l i g h t i n g  c o n s t r a i n t s  f o r  T&D 
( t r a n s p o s i t i o n  and d o c k i n g ) ,  and CSM, S-IVB/ground communications 
are now t h e  major  T&D a t t i t u d e  c o n s t r a i n t .  O b j e c t i v e  P20.46 
has been  downgraded t o  Secondary and i s  c u r r e n t l y  a s s i g n e d  t o  
Miss ion  F. 

1 n T . r  a - n f h  n m h - i t  m, n r : ~ : , u  A - - I - : - -  --a r n n  
A.vI1 LuLI uLI u l b .  11 a l ~ 3 p u a ~ ~ ~ u 1 1 ,  u u L n l L L F ,  allu UI'I e ject ioi- i  duiliiig 

D - A ~ - : - ~  - P  the. C T A  / c . . - - - - - - P c  ~ n n  A ~ - - A . . - \  ---- 7 t ~ a j e c t ~ ~ y .  l l L u L a L 5 j l l  u1 b l l c  oun \ o p a L c L i a i  t, u.i Huapt,ci-/ p d i i t : ~  

It i s  assumed i n  t h i s  memorandum t h a t  t e s t  m i s s i o n  
sequences  formed from t h e  above mis s ion  t y p e s  must s a t i s f y  t h e  
f o l l o w i n g  c o n s t r a i n t s :  

1. The l a s t  mis s ion  i n  t h e  sequence must be  G - 1 .  

2 .  The f i r s t  t h r e e  mis s ions  must b e  C ,  C - P r i m e  and 
D, r e s p e c t i v e i y  . 

3.  R e p e t i t i o n  o f  a mis s ion  t y p e  must n o t  be  pre-p lanned .  

4 .  Miss ion  D-Prime should n o t  b e  preceded  by Mission F. 
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C o n s t r a i n t  (1) i s  i n  keeping  w i t h  t h e  g o a l  of t h e  Apollo Pro- 
gram. C o n s t r a i n t  ( 2 )  s p e c i f i e s  t h a t  Missions C and C - P r i m e  
must be the f i rs t  mis s ions  i n  any sequence d i s c u s s e d ,  s i n c e  
t h e s e  m i s s i o n s  have a l ready been s u c c e s s f u l l y  completed.  Con- 
s t r a i n t  ( 2 )  a l s o  assumes t h a t  c u r r e n t  p l a n n i n g  f o r  Miss ion  D 
has p r o g r e s s e d  t o  t h e  p o i n t  where r e s c h e d u l i n g  would be d e t -  
r i m e n t a l  t o  o v e r a l l  development and s c h e d u l i n g .  C o n s t r a i n t  ( 3 )  
i s  imposed t o  b e  c o n s i s t e n t  w i t h  t h e  i m p l i c i t  assumpt ion  o f  
m i s s i o n  s u c c e s s .  C o n s t r a i n t  ( 4 )  s p e c i f i e s  t h a t  a p r o g r e s s i v e  
i n f l i g h t  development b e  ma in ta ined .  

Miss ion  sequences  which s a t i s f y  these  c o n s t r a i n t s  
are l i s t e d  i n  T a b l e  ( 3 1 ,  w i t h  each sequence compared i n  b r i e f  
t o  t h e  c u r r e n t  b a s e l i n e  s c h e d u l e .  The f o u r  m i s s i o n  sequences  
l i s t e d  i n  T a b l e  ( 3 )  are  t h e  only sequences ,  formed from t h e  
s i x  m i s s i o n  t y p e s ,  which s a t i s f y  c o n s t r a i n t s  (1) th rough  ( 4 ) .  
I n  t h e  comparisons o f  Table  ( 3 ) ,  i t  i s  assumed t h a t ,  r e l a t i v e  
t o  t h e  c u r r e n t  b a s e l i n e  sequence,  i n c r e a s e d  r i s k  i n  a c h i e v i n g  
a l u n a r  l a n d i n g  i s  i n c u r r e d  whenever: ( a )  a m i s s i o n  (or m i s s i o n  
a c t i v i t i e s )  i s  added p r i o r  t o  G-1, or ( b )  l e s s  i n - f l i g h t  deve l -  
opment i s  p rov ided  p r i o r  t o  G - 1 .  Note t h a t  assumpt ion  ( a )  i s  
n o t  e n t i r e l y  v a l i d  i f  t h e  i n c r e a s e d  development a s s o c i a t e d  w i t h  
an  added f l i g h t  (or added f l i g h t  t e s t s )  can  b e  shown t o  d e c r e a s e  
t h e  r i s k  of f l y i n g  t h e  subsequent  m i s s i o n ( s ) ,  such  tha t  t h e  
o v e r a l l  r i s k  i n  a c h i e v i n g  a l amr  landing i s  d e c r s a s e d .  Assump- 
t i o n  ( b j  i s  v a l i d  i f  t he  areas of decreased. development are 
a c t u a l l y  c o r r e l a t e d  w i t h  a dec reased  p r o b a b i l i t y  of  l u n a r  
l a n d i n g  s u c c e s s .  

The o v e r a l l  r e l a t i v e  advantages  and d i s a d v a n t a g e s  
n o t e d  i n  T a b l e  ( 3 )  r e l a t e  t o  th ree  areas: development,  sched-  
u l i n g  and r i s k .  The s i x  mis s ion  sequence ,  ( C ,  C-Pr ime,  D ,  
D - P r i m e ,  F, G - l ) ,  would p rov ide  more i n - f l i g h t  development 
t h a n  t h e  c u r r e n t  s c h e d u l e ,  b u t  w i t h  a co r re spond ing  d e l a y  i n  
l u n a r  l a n d i n g  and an  i n c r e a s e  i n  o v e r a l l  program r i s k ,  p e r  
a s sumpt ion  ( a ) .  The f i v e  mis s ion  sequence ( C ,  C-Pr ime,  D ,  
D-Pr ime,  G - 1 ) ,  would p robab ly  i n c u r  less o v e r a l l  r i s k  t h a n  
t h e  c u r r e n t  sequence ,  b u t  would p r o v i d e  less i n - f l i g h t  f i d e l i t y  
t e s t i n g .  The f o u r  m i s s i o n  sequence ( C ,  C - P r i m e ,  D ,  G - l ) ,  
would have t h e  advantage  of  an e a r l i e r  l u n a r  l a n d i n g  o p p o r t u n i t y  
b u t  would p r o v i d e  . l e s s  i n - f l i g h t  development,  and t h e r e f o r e  
a d d i t i o n a l  r i s k ,  i n  acco rd  w i t h  assumption ( b ) .  

The column t o  t h e  r i g h t  o f  Tab le  ( 3 )  l i s t s  t h e  number 
of t e s t  o b j e c t i v e s ,  from t h e  " f i x e d  s e t "  o f  o l d  Miss ion  E and F 
D T O s ,  which would remain p r i o r  t o  Miss ion  G - 1 ,  for each  of t h e  
f o u r  m i s s i o n  sequences .  The e x a c t  number of  DTOs  remain ing  a f t e r  
a (C, C-Prime, D, D-Pr ime)  mi s s ion  sequence i s  somewhat i n  doubt  
b e c a u s e  s e v e r a l  o b j e c t i v e s  t h a t  would be a s s i g n e d  t o  Miss ion  
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D-Pr ime  would r e q u i r e  c o n f l i c t i n g  demands on t h e  s p a c e c r a f t  
consumables and subsystem o p e r a t i n g  c o n s t r a i n t s .  The number 
i n  p a r e n t h e s i s  r e p r e s e n t s  t h e  most  o p t i m i s t i c  c a s e ,  i n  which 
a p p a r e n t l y  c o n f l i c t i n g  requi rements  are  a l l  s a t i s f i e d .  These 
c o n f l i c t s  w i l l  be d i s c u s s e d  subsequen t ly  i n  S e c t i o n  ( 7 . 0 ) .  

5 . 0  ( C ,  C-Pr ime,  D,  D-Prime, F, G - 1 )  MISSION SEQUENCE 

C - P r i m e ,  D,  D-Pr ime,  F,  G - l ) ,  w i l l  n o t  be d i s c u s s e d  i n  d e t a i l  
i n  t h i s  memorandum. T h i s  sequence can accommodate a l l  o f  t h e  
c u r r e n t  t e s t  o b j e c t i v e s .  Acceptance of t h i s  sequence would 
have r e q u i r e d  a c l e a r  t r a d e - o f f  o f  s c h e d u l i n g ,  i n  f a v o r  o f  
s p a c e c r a f t  development ,  With t h e  ( C ,  C-Pr ime,  D ,  F, G - 1 )  
sequence  as a b a s e l i n e ,  however, the  ( C ,  C - P r i m e ,  D ,  D-Pr ime,  
F, G - 1 )  sequence  must be rated a s  assuming i n c r e a s e d  r i s k  i n  
a c h i e v i n g  a l u n a r  l a n d i n g .  The i n h e r e n t  r i s k  of  pe r fo rming  
o p e r a t i o n s  such  as launch- to-orb i t  and e n t r y  must be c o n s i d e r e d  
f o r  e v e r y  f l i g h t ,  and these  r i s k s  must b e  j u s t i f i e d  by  t h e  
added development which would f u r t h e r  i n s u r e  a s u c c e s s f u l  l u n a r  
l a n d i n g  m i s s i o n .  Although t h e r e  i s  a s h o r t a g e  o f  LM f l i g h t  
tes t  data ( n o  manned LMs have been f lown) ,  i t  appea r s  tha t  
f l y i n g  two m i s s i o n s  between D and G - 1  would only  be  j u s t i f i e d  
i f  some r a t h e r  s e v e r e  LM development problems were t o  a r i s e .  
S i n c e  the  a b i l i t y  t o  r e a c t  t o  c u r r e n t l y  u n a c t i c i p a t e d  s c h e d u l e  
and development d e l a y s  w i l l  depend upon the  a l t e r n a t i v e s  a v a i l -  
able, t h i s  sequence s h o u l d  b e  r e t a l n e d  as sn " i n a c t i v e "  o p t i o n  
u n t i l  Miss ion  D i s  f lown.  

The second mis s ion  sequence of Tab le  ( 3 1 ,  v i z .  ( C ,  

6 , O  ( C ,  C - P r i m e ,  D ,  G - 1 )  MISSION SEQUENCE 

F l i g h t  t e s t  requi rements  for t h e  Apollo program have 
e v o l v e d  o v e r  a p e r i o d  of s e v e r a l  years ,  and have  been a l l o c a t e d  
t o  a sequence  o f  f l i g h t  t e s t  mis s ions  i n v o l v i n g  e i t h e r  two or 
t h ree  manned CSM/LM miss ions  p r i o r  t o  t h e  f i r s t  l u n a r  l a n d i n g  
a t t e m p t ,  ( v i z .  C ,  D,  E ,  F/G), or c u r r e n t l y ,  ( C ,  C-Pr ime,  D ,  F, 
G-1). A ( C ,  C - P r i m e ,  D ,  G - 1 )  sequence would t h e r e f o r e  be a 
major  change t o  t h e  f l i g h t  t e s t  program ph i losophy .  However, 
e x a m i n a t i o n  of  t h i s  sequence p rov ides  a c o n s t r u c t i v e  a n a l y s i s  
of  f l i g h t  t e s t  r equ i r emen t s  remain ing  a f t e r  s u c c e s s f u l  comple t ion  
o f  ( C ,  C-Pr ime,  D ) .  

Of the  26  s e p a r a t e  DTOs t h a t  w i l l  remain a f t e r  M i s -  
s i o n  0, 5 c o u l d  p o s s i b l y  b e  a s s igned  t o  Miss ion  G - 1  i n  a ( C ,  
C - P r i m e ,  D ,  G - 1 )  m i s s ion  sequence.  These are  l i s t e d  i n  T a b l e  
( 4 ) .  These 6 DTOs  would have t o  be accomplished p r i o r  to a 
p o i n t  i n  t h e  m i s s i o n  where an i r r e v e r s i b l e  d e c i s i o n  was made 
t o  commit t o  a s i t u a t i o n  which r e q u i r e d  dependence upon t h e  
s y s t e m  b e i n g  tes ted .  A miss ion  phase which would a l l o w  t h i s  
"pre-commitment" t e s t i n g  is denoted here as an " e v a l u a t i o n  
p l a t e a u " .  It s h o u l d  be no ted  t h a t  t h e  concept  of a s s i g n i n g  
DTOs t o  a n  e v a l u a t i o n  p l a t e a u  on G - 1  i s  used here i n  a d i s t i n c t l y  
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l i m i t e d  s e n s e .  The purpose  o f  the  f l i g h t  t e s t  program i s  t o  
p r o v i d e  d a t a  which w i l l  v e r i f y  a n a l y s i s  and ground t e s t i n g .  
O b t a i n i n g  t h i s  data p r i o r  t o  t h e  f i r s t  l u n a r  l a n d i n g  m i s s i o n  
p r o v i d e s  t he  o p p o r t u n i t y  f o r  improving r e d l i n e s ,  p r o c e d u r e s ,  
and p o s s i b l y  hardware. 
G - 1  would p r o v i d e  a check on s u b s y s t e m  o p e r a t i o n s ,  b u t  would 
p robab ly  n o t  p e r m i t  real-time improvement of  p rocedures  and 
r e d l i n e s .  

Ob ta in ing  f l i g h t  t es t  da t a  d u r i n g  

With t h e  e x c e p t i o n  of some d e t a i l s ,  a l l  o f  t h e  ob- 
j e c t i v e s  l i s t e d  i n  Table  (4) are p r e s e n t l y  i n c l u d e d  i n  t h e  
nominal  l u n a r  l a n d i n g  m i s s i o n  t i m e l i n e  (Refe rences  6 ,  7 and 8 ) .  
Although the  t i m e  t h a t  could  be devoted  t o  each  of these DTOs 
would be  l i m i t e d  on the  G-1 miss ion ,  t he re  would b e  no doubt  
as t o  t h e  f i d e l i t y  o f  t h e  t e s t i n g  c o n d i t i o n s ,  as there  might  
be on a D-Prime Miss ion ,  f o r  example. One o f  t he  r i s k s  i n c u r r e d  
i n  t e s t i n g  t h e s e  systems d u r i n g  t h e  G - 1  Miss ion  i s  t h a t  l u n a r  
l a n d i n g  might  b e  a b o r t e d  s imply because  a "work-around" cou ld  
n o t  b e  d e v i s e d  i n  r ea l  t i m e .  F o r  example,  i f  a c q u i s i t i o n  w i t h  
t h e  LM high g a i n  a n t e n n a  proved d i f f i c u l t  and lock-on cou ld  
n o t  b e  ach ieved ,  powered d e s c e n t  would n o t  b e  a t tempted (5ef-  
e r e n c e  8 ) .  P o s t - f l i g h t  a n a l y s i s  might t h e n  r e v e a l  a p rocedure  
t o  overcome t h i s  ( p o s t u l a t e d )  problem. Discovery o f  a p rob lem 
l i k e  t h i s  on a t e s t  mis s ion  would n o t  have such  s e v e r e  con- 
sequences .  

The 20 t e s t  o b j e c t i v e s  which c o u l d  n o t  b e  accomplished 
d u r i n g  an  " e v a l u a t i o n  p l a t ea i l "  on t h e  G - l  M i s s i o n j  i n  =, ( C j  
C-Pr ime,  D ,  G - 1 )  m i s s i o n  sequence,  are l i s t e d  i n  T a b l e  ( 5 ) .  
The 1 3  asterisked t e s t  o b j e c t i v e s  p e r t a i n  t o  t h e  nominal l u n a r  
l a n d i n g  mission operati ons and would he resolved hy a si~i.~cessf1-!l 

G - 1  m i s s i o n .  The 7 o t h e r  DTOs would remain un reso lved  as long  
as s t r i c t l y  nominal  l u n a r  l a n d i n g  m i s s i o n s  were flown subse-  
quen t  t o  Miss ion  G-1. 

There are 15  P r i n c i p a l  ( P )  DTOs and 5 Secondary ( S )  
DTOs l i s t e d  i n  Table  ( 5 ) .  By the e s t a b l i s h e d  d e f i n i t i o n ,  
which i s  g i v e n  i n  Appendix B ,  a P r i n c i p a l  t e s t  o b j e c t i v e  i s  
one which must b e  accomplished p r i o r  t o  t he  f i rs t  l u n a r  l a n d i n g  
m i s s i o n .  A Secondary t e s t  o b j e c t i v e  need n o t  be accomplished 
p r i o r  t o  t he  f i r s t  l u n a r  l a n d i n g  mis s ion  b u t ,  i f  s a t i s f i e d ,  
would p r o v i d e  a d d i t i o n a l  u s e f u l  f l i g h t  t e s t  data .  Because of 
t h e  impor t ance  of P r i n c i p a l  t e s t  o b j e c t i v e s ,  a l l  15  of  t h e  
P r i n c i p a l  o b j e c t i v e s  from Table ( 5 )  w i l l  be  d i s c u s s e d  i n  more 
d e t a i l  i n  the  f o l l o w i n g  s e c t i o n s .  The " C o n s t r a i n i n g  F a c t o r s "  
l i s t e d  on t h e  r i g h t  o f  Table ( 5 )  w i l l  b e  e x p l a i n e d  for e a c h  
of t h e  15  P r i n c i p a l  o b j e c t i v e s .  
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P 2 . 9  GNCS/MTVC Takeover ( E )  

T h i s  f l i g h t  t e s t  r e q u i r e s  rrianual t h r u s t  v e c t o r  con- 
t r o l  t a k e o v e r  of  a GNCS (CSM Guidance, Nav iga t ion ,  and Con t ro l  
System) i n i t i a t e d  SPS ( S e r v i c e  P r o p u l s i o n  System) bu rn .  A t  
l e a s t  15 seconds  of  manual c o n t r o l  i s  r e q u i r e d ,  and t h e  t e s t  
i s  t o  c o n t i n u e  u n t i l  EMS (backup)  AV c o u n t e r  shutdown. The 
CSM i s  t o  be s t a b i l i z e d  i n  a t t i t u d e  p r i o r  t o  t a k e o v e r  and ave rage  
a t t i t u d e  e r r o r s  d u r i n g  manual c o n t r o l  a re  expec ted  t o  b e  l e s s  
t h a n  2 d e g r e e s  (Refe rence  1). The more s e r i o u s  c a s e  of  manual 
c o n t r o l  t a k e o v e r  d u r i n g  a t t i t u d e  t r a n s i e n t s  w i l l  n o t  b e  f l i g h t  
t e s t e d ,  and w i l l  e v i d e n t l y  be ana lyzed  v i a  s i m u l a t o r s .  T h i s  
o b j e c t i v e  has been a s s i g n e d  t o  Pl iss ion D, and t h e r e f o r e  can 
b e  removed from t h e  l i s t  of DTOs remain ing  a f t e r  a ( C ,  C - P r i m e ,  
D )  m i s s i o n  sequence .  

P 7 . 2 6  (CSM/LM) SPACE ENVIRONMENT THERMAL CONTROL (F) 

The purpose  o f  t h i s  t e s t  o b j e c t i v e  i s  t o  de t e rmine  
i f  t h e  CSM and LM thermal  s h i e l d i n g  p r o v i d e s  adequa te  c o n t r o l  
o f  s t r u c t u r a l  and component t empera tu res  d u r i n g  a l u n a r  o r b i t  
m i s s i o n .  This o b j e c t i v e  was p a r t i a l l y  s a t i s f i e d  b y  t h e  c o l -  
l e c t i o n  of  CSM da ta  on Mission C-Pr ime,  s o  t h a t  t h e  r ema in ing  
i s s u e  i s  LM thermal c o n t r o l .  Areas of p a r t i c u l a r  i n t e r e s t  
i n c l u d e  thermal  c o n t r o l  of  t h e  LM l a n d i n g  g e a r ,  Landing Radar 
and Rendezvous Radar a n t e n n a s ,  he l ium supp ly ,  f u e l  and o x i d i z e r  
t a n k s ,  and t h e  RCS quads ,  While ivlission D w i l l  p r o v i d e  data  
on many of t h e  LM t h e r m a l  c o n t r o l  problems ( e . g . ,  RCS t h r u s t e r  
impingement ) ,  t h e  ear th  o r b i t a l  environment  w i l l  d i f f e r  from 
t h e  l u n a r  mis s ion  environment .  Cycl ing  between s u n l i g h t  and 
d a r k n e s s  on an  e a r t h  o r b i t a l  mi s s ion ,  as w e l l  as e a r t h  a l b e d o ,  
w i l l  p r e s e n t  an e n t i r e l y  d i f f e r e n t  thermal  r a d i a t i o n  t i m e  
h i s t o r y  t h a n  a c i r cumluna r / luna r  o r b i t  t r a j e c t o r y .  

The impor tance  of t h i s  o b j e c t i v e  must b e  c o n s i d e r e d  
i n  view of s e v e r a l  f a c t o r s .  The LM-4 and LM-5 d e s c e n t  s t a g e  
the rma l  s h i e l d  and b l a n k e t  c o n f i g u r a t i o n s  are d i f f e r e n t  ( R e f -  
e r e n c e  g ) ,  and t h i s  w i l l  reduce somewhat t h e  impor tance  o f  LM-4 
f l i g h t  t e s t  data .  I n  a d d i t i o n ,  t he  e f f e c t  o f  l u n a r  s u r f a c e  
i n f r a r e d  and r e f l e c t e d  s o l a r  r a d i a t i o n  i s  an i m p o r t a n t  f a c t o r ,  
and t h i s  cannot  be  comple te ly  de te rmined  u n t i l  an  a c t u a l  l u n a r  
l a n d i n g  m i s s i o n  i s  per formed.  The " c o n s t r a i n i n g  f a c t o r "  t h a t  
p r e v e n t s  t h i s  o b j e c t i v e  from be ing  a s s i g n e d  t o  Miss ion  G-1 i s  
tha t  i t  r e q u i r e s  a t o t a l  e v a l u a t i o n  of  CSM/LM thermal b a l a n c e  
from l a u n c h  th rough  f i n a l  LM j e t t i s o n .  The thermal  r e s p o n s e  
o f  t h e  Rendezvous Radar,  f o r  example, cannot  be de te rmined  
u n t i l  a c t u a l  rendezvous l i g h t i n g  and t h r u s t i n g  c o n d i t i o n s  are  
e x p e r i e n c e d .  
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Pll.15 PGNCS Undocked Performance ( F )  

f l i g h t ,  and was n o t  completed due t o  premature  DPS (Descent  
P r o p u l s i o n  System) shutdown (Reference  10). A s  p e r  Reference  
(21 ,  P11.15 r e q u i r e s  a t  l e a s t  2 4  seconds o f  PGNCS ( P r i m a r y  
Guidance,  N a v i g a t i o n ,  and Cont ro l  System) c o n t r o l l e d  DPS f i r i n g  
a t  f i x e d  t h r o t t l e  p o i n t  ( 9 2 . 5 %  t h r u s t ) .  I g n i t i o n  a t t i t u d e  
t r a n s i e n t s ,  r e sponse  t o  DPS t h r o t t l i n g ,  r e sponse  t o  c . g .  change,  
e t c .  were t o  have been e v a l u a t e d  on LM-1. Fol lowing  a p r e -  
mature  DPS shutdown on t h e  LM-1 Miss ion ,  a l l  burns  were se- 
quenced by t h e  Miss ion  Programmer and c o n t r o l l e d  by  t h e  
S t a b i l i z a t i o n  and C o n t r o l  System ( i . e . ,  backup s y s t e m ) .  These 
maneuvers were performed wi thout  c losed- loop  guidance  and w i t h  
no  a t t i t u d e  c o n t r o l  e x c e p t  f o r  r a t e  damping. While t he re  i s  
an  undocked PGNCS DPS burn  on Mission D ,  i t  i s  a t  only  1 0 %  
t h r o t t l e ,  and w i l l  n o t  s a t i s f y  the 2 4  second f i x e d - t h r o t t l e -  
p o i n t  r equ i r emen t  of  the  new o b j e c t i v e  ( P 1 1 . 1 5 ) .  T h i s  o b j e c t i v e  
cannot  be t r a n s f e r r e d  t o  t h e  G - 1  Mission because 2 4  seconds  of  
f i x e d  t h r o t t l e  p o i n t  t h r u s t i n g  p r i o r  t o  a c t u a l  d e s c e n t  would, 
among o t h e r #  t h i n g s ,  r e s u l t  i n  a n e g a t i v e  DPS p r o p e l l a n t  margin.  

~ 1 1 . 1 6  PGNCS (Unstaged)  A t t i t u d e / T r a n s l a t i o n  C o n t r o l  ( E )  

This o b j e c t i v e  was p a r t i a l l y  accomplished on t h e  LM-1 
Miss ion ,  b u t  t h e  d i g i t a l  a u t o p i l o t s  for LM-3 and subsequent  are  
d i f f e r e n t ,  and some c o r r e c t i o n s  r e s u l t i n g  from t h e  LM-1 f l i g h t  
have been i n t r o d u c e d .  A s  p e r  Reference (l), t h i s  ob . i ec t ive  
requires a t t l t u d e - h o l d  arid maneuver e x e r c i s e s ,  w i t h  minimum and 
maximum deadband, f o r  an unstaged LM (heavy a s c e n t  s tage,  l i g h t  
d e s c e n t  s t age ) .  Th i s  o b j e c t i v e  was n o t  a s s i g n e d  t o  Miss ion  D 
because of t h e  l a r g e  iiurnber of o b j e c t i v e s  a l r e a d y  on t h a t  m i s s i o n .  
There i s ,  however, a s i m i l a r  e x e r c i s e  on Miss ion  D f o r  t h e  
s t a g e d  c o n f i g u r a t i o n .  T h i s  o b j e c t i v e  does n o t  appea r  among 
t h e  new Miss ion  F r e q u i r e m e n t s ,  and appea r s  t o  have been dropped 
from t h e  f l i g h t  t e s t  program when Mission E was dropped.  
o b j e c t i v e  cannot  b e  performed p r i o r  t o  d e s c e n t  on e i t h e r  M i s -  
s i o n  F o r  Miss ion  G - 1  because  i t  r e q u i r e s  a l i g h t  d e s c e n t  s t a g e ,  
and n e i t h e r  of t hese  mis s ions  p rov ides  f o r  LM c o a s t i n g  f l i g h t  
w i t h  low DPS l o a d i n g .  

T h i s  O b j e c t i v e  was P 1 1 . 2  on t h e  Apollo 5 (LM-1) 

T h i s  

P12 .5  AGS I n f l i g h t  Alignment/AOT ( E )  

I n  t h e  e v e n t  of a PGNCS f a i l u r e ,  t h e  AGS (Abort  
Guidance System) cannot  b e  a l i g n e d  t o  t h e  PGNCS r e f e r e n c e  ( n z r -  
mal n o d e ) ,  b u t  must be a l i g n e d  t o  a s t e l l a r  r e f e r e n c e .  T h i s  
r e q u i r e s  ground p r o c e s s i n g  of  t he  onboard s i g h t i n g  i n f o r m a t i o n ,  
and u p d a t e  of t h e  r e f e r e n c e .  The AOT (Alignment O p t i c a l  Te le scope )  



a 
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i s  s p e c i f i e d  for t h i s  o b j e c t i v e ,  b u t  t he  COAS (Crew O p t i c a l  
Alignment Subsystem) can a l so  be used.  T h i s  o b j e c t i v e  prob- 
a b l y  c o u l d  n o t  be  done p r i o r  t o  d e s c e n t  on Miss ion  G - 1  because 
of  t h e  impact  on t h e  crew t i m e l i n e .  
t r a n s f e r r e d  t o  t h e  "new" l i s t  of Miss ion  F DTOs. 

This o b j e c t i v e  i s  c u r r e n t l y  

P l 2 . 7  AGS C o n t r o l l e d  APS Burn ( F )  

A s  p e r  Reference  (21 ,  t h i s  o b j e c t i v e  r e q u i r e s  a t  
l e a s t  15  seconds  o f  APS (Ascent P r o p u l s i o n  System)/AGS c o n t r o l .  
S t a r t  t r a n s i e n t s  and RCS p r o p e l l a n t  consumption are t o  be  
de t e rmined .  This  o b j e c t i v e  i s  s imi la r  t o  P12.9 Unmanned AGS 
C o n t r o l l e d  APS Burn ( E ) ,  and i s  t r ea t ed  as the  same o b j e c t i v e  
i n  Tab le  ( 5 ) .  An unmanned APS burn i s  schedu led  for Mission D,  
b u t  t h i s  w i l l  b e  c o n t r o l l e d  by t h e  PGNCS. The purpose  o f  t h i s  
o b j e c t i v e  i s  to v e r i f y  p r e d i c t e d  AGS/APS AV e r r o r s  and RCS f u e l  
consumption f o r  b o t h  heavy and l i g h t  a s c e n t  s tage  i n e r t i a s .  
This o b j e c t i v e  h a s  been g iven  t h e  Mission E number, P 1 2 . 9 ,  
and i s  now a s s i g n e d  t o  Mission F. It cannot  be a s s i g n e d  t o  
G-1 because  there  i s  obv ious ly  no e v a l u a t i o n  p l a t e a u  a v a i l a b l e .  

~ 1 2 . 8  AGS/CES A t t i t u d e  and T r a n s l a t i o n  Con t ro l  ( S t a g e d )  ( E )  

f o r  a heavy a s c e n t  s t a g e ,  w i t h  AGS/CES ( C o n t r o l  E l e c t r o n i c s  
S e c t i o n )  c o n t r o l .  A similar e x e r c i s e  i s  p lanned  f o r  Mission 
D ,  b u t  i n  the  uns t aged  c o n f i g u r a t i o n .  T h i s  o b j e c t i v e  has been 
assigr?ed t o  t h e  new l i s t  o f  Mission F o b j e c t i v e s  and was to 
have been s a t i s f i e d  by an  AGS-controlled CDH (Cons tan t  D e l t a  
He igh t  Maneuver) bu rn  d u r i n g  t h e  LM a c t i v e  rendezvcus  on 
M i s s i n l z  F. how eve^^ t h e  APS will be  o f f - loaded  on Miss ion  F, 
and CDH w i l l  b e  nominal ly  z e r o  i n  t h e  c u r r e n t  r e v i s e d  LM ren -  
dezvous.  T h e r e f o r e ,  bo th  t h e  i n e r t i a  c o n d i t i o n s  and e x t e n t  
o f  t e s t i n g  s p e c i f i e d  by t h i s  o b j e c t i v e  w i l l  be  compromised. 
Th i s  o b j e c t i v e  cannot  be done on Miss ion  G-1 because  there  i s  
no  nominal  s i t u a t i o n  i n  which the  a s c e n t  s tage i s  a t  heavy 
i n e r t i a  and i n  c o a s t i n g  f l i g h t .  

This o b j e c t i v e  r e q u i r e s  a t t i t u d e - h o l d  and maneuvering 

P20.45 S imula t ed  DOI/Descent Burns (E) 

T h i s  o b j e c t i v e  was inc luded  i n  M13.7 on Apollo 5 ,  
and was n o t  completed due t o  premature DPS shutdown (Refer- 
ence  10). The major  purpose  of t h i s  o b j e c t i v e  i s  t o  v e r i f y  
s p e c i f i c  impulse ,  t h r u s t ,  and mixture  r a t i o  c h a r a c t e r i s t i c s  
f o r  t h e  l u n a r  l a n d i n g  d e s c e n t  t h r o t t l i n g  p r o f i l e .  A s  an  
example of DPS performance v a r i a t i o n s ,  the p r e d i c t e d  l u n a r  
m i s s i o n  du ty  c y c l e  DPS s p e c i f i c  impulse  v a r i e s  between 290.4 
and 294 .8  seconds  (1-sigma) a t  10% t h r o t t l e  and 300.0 t o  304.2 
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seconds  a t  f u l l  t h r o t t l e .  According t o  Reference  (l), t h e  
DPS t h r o a t - e r o s i o n  v s .  t i m e  p r o f i l e  c o n t a i n s  t h r e e  d i s t i n c t  
r a t e s  of e r o s i o n .  The t h i r d  e r o s i o n  r a t e  i s  p r e d i c t e d  t o  
s t a r t  a t  600  seconds t o t a l  burn t i m e ,  and i t  w i l l  be n e c e s s a r y  
t o  bu rn  a t  l ea s t  30 seconds  a f t e r  t h i s  time t o  conf i rm the 
ground t e s t  p r e d i c t i o n  o f  e r o s i o n .  The docked DPS b u r n  on 
Miss ion  D w i l l  b e  about  364  seconds,  t o o  s h o r t  t o  v e r i f y  t h e  
t h r o a t - e r o s i o n  p r o f i l e .  
t h e  l u n a r  l a n d i n g  m i s s i o n  (Reference  12), DPS performance i s  
a n  i m p o r t a n t  item f o r  f l i g h t  t e s t  v e r i f i c a t i o n .  This ob jec -  
t i v e  i s  n o t  i n c l u d e d  i n  t h e  c u r r e n t  Miss ion  F o b j e c t i v e s  be- 
c a u s e  of t h e  d i f f i c u l t y  i n  per forming  a docked DPS burn  i n  
l u n a r  o r b i t .  This o b j e c t i v e  appea r s  t o  have been dropped 
from t h e  f l i g h t  t e s t  program. 

M20.48 LM Abort Rendezvous ( E )  

rendezvous  i n  which a l l  bu rns  are c o n t r o l l e d  by the AGS (Abor t  
Guidance S y s t e m ) ,  and Rendezvous Radar u p d a t i n g  o f  t h e  A G S  i s  
per formed.  The PGNCS s o l u t i o n  can b e  used  f o r  e x e c u t i n g  maneu- 
v e r s  ( i t  i s  more a c c u r a t e ) ,  b u t  A G S  s o l u t i o n s  must b e  c a l c u l a t e d .  
The i n t e n t  of  t h i s  e x e r c i s e  i s  t o  e v a l u a t e  A G S  n a v i g a t i o n  and 
c o n t r o l  performance,  e s p e c i a l l y  t h e  e f f e c t  on p r o p e l l a n t  con- 
sumpt ion .  T h i s  o b j e c t i v e  was r a t ed  mandatory (M) because a 
P G N C S  f a i l u r e  d u r i n g  LM d e s c e n t ,  s u r f a c e - s t a y ,  o r  LM a s c e n t  
w i l l  req11ire zn AGC r e n d e z v ~ u s  as a f i r s t  b a c k u p .  Tne major  
ii-,tent of t h i s  o b j e c t i v e  was t o  have been s a t i s f i e d  on Miss ion  F 
by  pe r fo rming  the  t e r m i n a l  phase on AGS c o n t r o l ,  and t h i s  would 
have been  more ~nns ic te lnr t  ~ 5 t h  t h c  testing o f  ot i ier  Lackup 
s y s t e m s ,  e .g . ,  t h e  CSM SCS c o n t r o l  sys t em.  However, t h i s  ob- 
j e c t i v e  does n o t  appea r  among the  c u r r e n t  Miss ion  D o r  F r e q u i r e -  
ments ,  and has been dropped from the  f l i g h t  t e s t  program. 

~ 2 0 . 6 6  ( C S M  and LM) Lunar Dis tance  C r e w  A c t i v i t i e s  (F) 

With a low DPS p r o p e l l a n t  margin f o r  

T h i s  o b j e c t i v e  r e q u i r e s  a Concen t r i c  F l i g h t  P lan  

T h i s  o b j e c t i v e  r e q u i r e s  a s i m u l a t i o n  of  l u n a r  l a n d i n g  
m i s s i o n  a c t i v i t i e s  ( o t h e r  than a c t u a l  l a n d i n g  and a s c e n t )  which 
have  n o t  been p r e v i o u s l y  s imula t ed  on Missions C ,  C - P r i m e ,  and 
D. It s p e c i f i c a l l y  r e q u i r e s  a s i m u l a t i o n  of  a c t i v i t i e s  t h a t  
on ly  Miss ion  F can p r o v i d e ,  such as t h e  t i m e l i n e  o f  e v e n t s  
d u r i n g  a l u n a r  o r b i t  rendezvous.  It i s  among t h e  c u r r e n t  M i s -  
s i o n  F o b j e c t i v e s .  

P20.77 VHF Ranging/CSM Act ive  Rendezvous 

This o b j e c t i v e  r e q u i r e s  a CSM a c t i v e  rendezvous from 
T P I  (Te rmina l  Phase I n i t i a t i o n )  t o  TPF (Terminal  Phase F i n a l i -  
z a t i o n ) ,  w i t h  s e x t a n t  n a v i g a t i o n  complemented by VHF r a n g i n g  
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data.  The r e s u l t i n g  f l i g h t  t e s t  da ta  would conf i rm t h e  SM-RCS 
LM r e s c u e  a l lowance ,  and p rov ide  i n c r e a s e d  conf idence  t h a t  CSM 
r e s c u e  of t h e  LM cou ld  b e  performed on a l u n a r  l a n d i n g  m i s s i o n .  
The p r e d i c t e d  SM-RCS p r o p e l l a n t  margin,  i n c l u d i n g  an a l lowance  
f o r  LM r e s c u e ,  i s  18% (Reference  12), s o  t ha t  t h e  t e r m i n a l  
phase  o f  a CSM r e s c u e  shou ld  no t  b e  o f  g r e a t  concern  a t  p r e s e n t .  
P r e p a r a t i o n  f o r  CSM r e s c u e  o f  t h e  LM w i l l  b e  performed on M i s -  
s i o n  D p r i o r  t o  each  LM rendezvous burn  (Reference  13), and 
t h i s  s h o u l d  conf i rm t h e  c a p a b i l i t y  f o r  one-man t a r g e t i n g  of  
CSM maneuvers.  The s u c c e s s  of t h e  Apollo 7 rendezvous and 
t h e  r e s u l t s  of  VHF r a n g i n g  t e s t s  a t  White Sands i n d i c a t e  t h a t  
CSM r e s c u e  of  t he  LM i s  n o t  a major  f l i g h t  t e s t  problem. 

This o b j e c t i v e ,  a long  w i t h  S20.47 CSM Act ive  Rendez- 
vous (E), has been dropped f r o m  the  f l i g h t  t e s t  program because  
of  t h e  p r e f e r e n c e  g i v e n  t o  t h e  AGS/APS burn  on Miss ion  F. Both 
CSM rendezvous  and t h e  AGS/APS bu rn  could  n o t  be  accommodated 
w i t h i n  LM consumables c o n s t r a i n t s  on Miss ion  F. S i m i l a r l y ,  
CSM rendezvous  cannot  b e  pe r fo rmed  on Mission G - 1  subsequent  
t o  t he  nominal  rendezvous ,  and i n  any c a s e ,  would n o t  b e  a 
t e s t  of CSM r e s c u e  c a p a b i l i t y  p r i o r  t o  a commitment p o i n t .  

~ 2 0 . 7 8  LM Ac t ive  Rendezvous ( F )  

The purpose  o f  t h i s  t e s t  i s  t o  v e r i f y  ground s imula -  
t i o n s  o f  t h e  nominal  l u n a r  l a n d i n g  m i s s i o n  rendezvous and 
t h e r e f o r e  r educe  t h e  r i s k  o f  per forming  t h e  rendezvous on 

t e s t  program i s  t h e  Mission D rendezvous ,  which has been reduced  
t o  a s e r i e s  of  e v a l u a t i o n  o r b i t s ,  fo l lowed by a s i m u l a t i o n  o f  

Del ta  Height)  t o  TPF (Terminal  Phase F i n a l i z a t i o n )  (Refe rence  1 4 ) .  
The r e l a t i v e  mot ion  geometry,  b u r n  d u r a t i o n s ,  de l t a -h ,  e t c . ,  
on Miss ion  D are d i f f e r e n t  f rom t h e  c u r r e n t  l u n a r  l a n d i n g  m i s s i o n  
rendezvous  of  Reference  ( 1 5 ) .  S i n c e  rendezvous i s  l a r g e l y  a 
f l i g h t  mechanics  and n a v i g a t i o n  problem, t h e r e  i s  some argument 
f o r  r e q u i r i n g  a rendezvous f l i g h t  t e s t  i n  l u n a r  o r b i t ,  i n  t h e  
p r e s e n c e  of t h e  l u n a r  g r a v i t a t i o n a l  f i e l d ,  and w i t h  t h e  p r o p e r  
l i g h t i n g  c o n d i t i o n s .  T h i s  o b j e c t i v e  i s  among t h e  c u r r e n t  M i s -  
s i o n  F r e q u i r e m e n t s .  

I I I L ' ) U I U l I  NI4 " " 7 ' _ _  G-l. ?";le m l y  o t h z r  L?I a c t i v e  rendezvGus in the flight 

t h e  r,EEinal l u n a r  landing miseicn rendezsrous frcm CEE (Constan t  

P20.80 (CSM & LM) Lunar Dis tance  Ground Suppor t  ( F )  

The purpose  of  t h i s  o b j e c t i v e  i s  t o  assess t h e  adequacy 
of o p e r a t i o n a l  ground s u p p o r t  f o r  a l u n a r  o r b i t  m i s s i o n .  This 
o b j e c t i v e  i n c l u d e s  assessment  o f  t h e  equipment and o p e r a t i o n  of 
t h e  Miss ion  C o n t r o l  Cen te r ,  t h e  Rea l -T ime  Computer C e n t e r ,  and 
t h e  Manned Space F l i g h t  N e t w o r k .  A number o f  l u n a r  d i s t a n c e  
ground s u p p o r t  items were v e r i f i e d  on Mission C - P r i m e ,  and the  
r ema in ing  i s s u e  i s  s u p p o r t  of rendezvous and LM a c t i v i t y  a t  
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l u n a r  d i s t a n c e .  The o b j e c t i v e  i s  c u r r e n t l y  a s s i g n e d  t o  R i s s i o n  
F .  It cou ld  n o t  be a s s i g n e d  to Miss ion  G - l  because  i t  r e a u i r e s  
p o s t - f l i g h t  e v a l u a t i o n .  

P20.82 PGIJCS/AGS Monitor-Lunar O r b i t  ( F )  

f a i l u r e  i s  c r i t i c a l  to t h e  fo rmula t ion  o f  an a b o r t  i l e c i s i o n  
d u r i n g  t h e  l u n a r  l a n d i n g  miss ion .  T h i s  o b j e c t i v e  was "staid - 
l i s h e d  to v e r i f y  t h a t  t h e  Mission Con t ro l  Cen te r  czn obt;.in 
a v a l i d  i n d i c a t i o n  o f  PGNCS and AGS performance d u r i n g  t h e  
l u n a r  l a n d i n g  m i s s i o n ,  f o r  example, d u r i n g  powered d e s c e n t .  
T h i s  o b j e c t i v e  i s  among t h e  c u r r e n t  Miss ion  F r e q u i r e m e n t s .  
It cannot  be  performed on Mission G - 1  because  i t  r e q u i r e s  
pos t -mis s ion  assessment. 

Ground and crew i d e n t i f i c a t i o n  o f  a PGNCS o r  A.CY 

P20.83 LM Consumables - Lunar O r b i t  ( F )  

Recent and contemplated changes t o  LM checkout  and 
o p e r a t i o n s  f o r  t h e  l u n a r  l and ing  m i s s i o n  have i n c r e a s e d  t h e  
impor tance  of  pre-miss ion  and r e a l - t i m e  consumables assessment  
c a p a b i l i t y .  Descent  and a scen t  s t a g e  b a t t e r i e s ,  w a t e r ,  oxygen, 
main p r o p e l l a n t s ,  and RCS p r o p e l l a n t s  are among t h e  i tems which 
must be p red ic t ed  t o  show a n  adequate  margin f o r  t h e  l u n a r  
l a n d i n g  m i s s i o n .  Post-mission a n a l y s i s  of  Mission F data  v r i l l  
f u r t h e r  v e r i f y  Xission 5-1 consumib le s  m a r g i n s .  T h i s  objective 
has been downgraded i o  Secwiidaiqji, ai?3 i s  c u r r s n t l y  axccg t h e  
Miss ion  F Secondary m i s s i o n  r equ i r emen t s .  

Se conaar-v T e s t  Ob .i e c t ives  

Re tu rn ing  t o  Table  (51 ,  a l l  P r i n c i p a l  o b j e c t i v e s  
which would remain a f t e r  a ( C y  C-Pr ime,  D) m i s s i o n  sequence 
have been d i s c u s s e d .  O f  t h e  5 s e p a r a t e  Secondary o b j e c t i v e s  
l i s t e d  i n  T a b l e  (5), only  ,316.14 Landing Radar T e s t  (F) i s  a 
d i s t i n c t l y  ffnew'f t e s t ,  b u t  i s  o f  Secondary impor tance  because  
i t  w i l l  b e  performed a t  high a l t i t u d e  (50 ,000  f t . )  and t h e  
da ta  r e t u r n  w i l l  be marg ina l .  

I n  summary, t h e  d i s c u s s i o n  of  t h i s  s e c t i o n  i n d i c a t e s  
t h a t  a ( C ,  C - P r i m e ,  D ,  G - 1 )  miss ion  sequence would r e q u i r e  a 
ma jo r  d e p a r t u r e  from t h e  p r e v i o u s l y  e s t a b l i s h e d  f l i g h t  t e s t  
r e q u i r e m e n t s  of References  (1) and ( 2 )  because  o f  t h e  l a rge  
number of t e s t s  which would have t o  be d e l e t e d .  A s  no ted ,  
s e v e r a l  P r i n c i p a l  t e s t  o b j e c t i v e s  have a l r eady  been dropped 
from t h e  f l i g h t  t e s t  program, v i z .  P 1 1 . 1 6  PGNCS (Unstagec?) 
A t t i t u d e / T r a n s l a t i o n  Con t ro l  ( E ) ,  P20.45 S imula t ed  DOI/Descent 
Burns ( E ) ,  p1120.48 LM Abort Rendezvous ( E ) ,  and P 2 0 . 7 7  VHF 
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Ranging/CSM Act ive  Rendezvous ( F ) .  
t h e  risk o f  t h e  l u n a r  l a n d i n g  m i s s i o n  by s e l e c t i v e  f l i g h t  t e s t i n g  
h a s  been a oasis f o r  m i s s i o n  p l a n n i n g  f o r  s e v e r a l  yea r s .  
t a n c e  o f  a ( C ,  C - P r i m e ,  D,  G - 1 )  m i s s i o n  sequence would b e  a 
d e p a r t u r e  from t h i s  ph i losophy.  

The ph i losophy  of  r e d u c i n g  

Accep- 

7.0 ( C ,  C - P r i m e ,  D ,  D-Prime,  G - 1 )  Miss ion  Sequence 

The m i s s i o n  p r o f i l e  f o r  a D-Prime Miss ion  was n e v e r  
o f f i c i a l l y  es tab l i shed  p r i o r  t o  t h e  d e c i s i o n  t o  f l y  Miss ion  F 
a f t e r  Miss ion  D. F o r  t h e  purpose o f  t h i s  d i s c u s s i o n ,  however, 
Miss ion  D - P r i m e  can be d e f i n e d  as an  ear th  o r b i t a l  CSM/LM m i s -  
s i o n  which i s  s y n t h e s i z e d  f r o m  p o r t i o n s  o f  PI iss ions D and E ,  
and which maximizes t h e  accomplishment of  t h e  "Remaining DTOs"  
o f  T a b l e  (1). 

T a b l e  ( 6 )  c o n t a i n s  a l i s t  of  1 6  DTOs  which cou ld  be  
a s s i g n e d  t o  a D-Pr ime  t ype  mis s ion ,  and Table  ( 7 )  l i s t s  1 2  
DTOs which would remain a f t e r  a ( C ,  C-Prime, D ,  D - P r i m e )  m i s -  
s i o n  sequence .  Table  ( 6 )  c o n t a i n s  s i x  t e s t  o b j e c t i v e s  which 
would b e  i n  c o n f l i c t  on a D - P r i m e  m i s s i o n .  Only these c o n f l i c t i n g  
r e q u i r e m e n t s  w i l l  b e  d i s c u s s e d  f u r t h e r .  

Beginning  a t  t h e  t o p  of  Table  (6), P11.15 PGNCS Un- 
docked Performance ( F )  and P20.45 S imula t ed  DOI/Descent Burns 
( E )  might  n o t  b e  compat ib le  r equ i r emen t s .  S a t i s f a c t i o n  o f  
b o t h  t h e s e  r equ i r emen t s  i s  c o n s t r a i n e d  b y  t h ree  major  f a c t o r s .  
F i r s t ,  t h e r e  must be  s u f f i c i e n t  p r o p e l l a n t  f o r  b o t h  a l o n g  
d u r a t i o n  pe r fo rmance -ve r i f ' i c a t ion  burn  and a s h o r t e r  undocked 
c o n t r o l - v e r i f i c a t i o n  burn .  Second, any  sequence o f  DPS bu rns  
must be compat ib le  w i t h  p r o p e l l a n t  p r e s s u r i z a t i o n  s y s t e m  con- 
s t r a in t s  and t h e  t h e r m a l / s t r u c t u r a l  l i m i t s  o f  t h e  DPS p r o p e l l a n t  
t a n k s .  Third,  heat soakback between burns  r e s u l t s  i n  t h r u s t  
chamber c h a r r i n g ,  and t h i s  c h a r r i n g  must n o t  r e s u l t  i n  an u n s a f e  
c o n d i t i o n ,  such  as chamber burn-through.  

The DPS burn  t h a t  was a s s i g n e d  t o  Miss ion  E,  i n  s u p p o r t  
o f  P20.45, would have r e s u l t e d  i n  a 1031  l b  ( 6 % )  u s a b l e  pro-  
p e l l a n t  margin (Refe rence  16). I n  o r d e r  t o  m a i n t a i n  a n  equiva-  
l e n t  margin,  and t o  s a t i s f y  t h e  P11.15 r equ i r emen t  f o r  a 24 
second undocked burn  a t  f i x e d  t h r o t t l e  p o i n t ,  t h e  docked-burn 
d u t y  c y c l e  would have t o  b e  s h o r t e n e d  somewhat. It would b e  
p r e f e r a b l e  t o  g i v e  p r i o r i t y  t o  t h e  undocked DPS burn  r equ i r emen t ,  
s i n c e  t h e  l o n g  docked PPS burn on Mission D w i l l  supp ly  DPS 
performance data,  whereas i f  P11.15 i s  n o t  s a t i s f i e d ,  t he re  
will be no  f i x e d  t h r o t t l e  p o i n t  ( 9 2 . 5 %  t h r u s t )  PGNCS/DPS un- 
docked b u r n s  p r i o r  t o  t h e  a c t u a l  d e s c e n t  maneuver on t h e  l u n a r  
l a n d i n g  m i s s i o n ,  If t h e  c o n s t r a i n t s  ment ioned cou ld  n o t  b e  
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s a t i s f i e d ,  t h e  s h o r t  undocked DPS burn a t  92.5% t h r u s t  might 
have to be l i m i t e d  t o  a somewhat l o n g e r  bu rn  a t  40% t h r u s t .  
The p a r t i c u l a r  DPS d u t y  cyc le  f o r  a D - P r i m e  mis s ion  would 
e v i d e n t l y  have  t o  be  v e r i f i e d  b y  ground t e s t i n g  a t  t h e  White 
Sands T e s t i n g  F a c i l i t y .  

The rendezvous r equ i r emen t s  o f  M20.48 LM Abort Ren- 
dezvous (E) and P20.78 LM Act ive Rendezvous (F) are  a l s o  i n  
c o n f l i c t .  Only one t e r m i n a l  phase ,  e i t h e r  on AGS or PGNCS, 
c o u l d  b e  performed. A compromise between t h e s e  o b j e c t i v e s  
would be  a long-range ( 2 0 0  n . m i .  max. r a n g e )  l u n a r  l a n d i n g  
m i s s i o n  t y p e  rendezvous,  wi th  t a r g e t i n g ,  n a v i g a t i o n ,  and con- 
t r o l  f u n c t i o n s  d i v i d e d  between t h e  AGS ana PGNCS f o r  t h e  
v a r i o u s  b u r n s .  

O b j e c t i v e s  P20.77 VHF Ranging/CSM Act ive  Rendezvous 
(F) and S13.13 Long Dura t ion  APS Burn ( E )  would b o t h  be pos-  
s i b l e  on ly  i f  t h e  LM a s c e n t  s t a g e  e l e c t r i c a l  power were s u f f i -  
c i e n t  t o  p e r m i t  severa l  hours  o f  LM a t t i t u d e - h o l d  for t h e  CSM 
a c t i v e  rendezvous p r i o r  t o  a l o n g  d u r a t i o n  APS burn .  

The f l i g h t  t e s t  r equ i r emen t s  t h a t  would remain a f t e r  
a ( C y  C - P r i m e ,  D ,  D - P r i m e )  mi s s ion  sequence ,  l i s t e d  i n  T a b l e l ) ,  
a re  l a r g e l y  a s s o c i a t e d  wi th  l u n a r  v i c i n i t y  f l i g h t .  The f o u r  
a s t e r i s k e d  DTOs of  Table  ( 7 )  cou ld  be a s s i g n e d  t o  t h e  G - 1  Mis- 
s i o n ,  as p e r  t h e  e v a l u a t i o n  p l a t e a u  ph i losophy  d i s c u s s e d  e a r l i e r .  
If t h e  c o n f l i c t i n g  DPS, LM rendezvous ,  CSM rendezvous ,  and APS 
r e q u i r e m e n t s  cou ld  be accommodated, t h e n  only 5 of  t 5e  DTOs i n  
T a b l e  ( 7 )  would remain.  They a r e :  P 7 . 2 6  ( C S M  & LM) Space En- 
v i ronment  Thermal C o n t r o l ,  P20.66 (CSM & LM) Lunar Di s t ance  
C r e w  A c t i v i t i e s ,  P20.80 (CSM & LM) Lunar Di s t ance  Ground S u p p o r t ,  
P20.82 PGNCS/AGS Monitor-Lunar O r b i t ,  and S16.14 Landing Radar 
T e s t .  P7.26 was d i s c u s s e d  e a r l i e r  i n  connec t ion  w i t h  t h e  ( C y  
C-Pr ime ,  D ,  G - 1 )  m i s s ion  sequence and,  as no ted ,  t h i s  o b j e c t i v e  
would d e f i n i t e l y  r e q u i r e  a l u n a r  o r b i t  mi s s ion .  P 2 0 . 6 6 ,  P20.80 
and ~ 2 0 . 8 2  a re  n o t  q u i t e  as "environment dependent"  as ~ 7 . 2 6 ,  
and  were p a r t i a l l y  s a t i s f i e d  on Miss ion  C-Prime. 

If s u c c e s s f u l ,  ,516.14, on Miss ion  F, would y i e l d  a 
s m a l l  sample of  d a t a  on t h e  l u n a r  s u r f a c e  radar r e f l e c t i v i t y  
f o r  one l a n d i n g  area.  I t  i s  e x p e c t e d  t h a t  performance would 
be m a r g i n a l  a t  t h e  5O,OOO f t .  a l t i t u d e  a t  which t h i s  t e s t  would 
be  per formed.  

I n  summary, a ( C y  C - P r i m e ,  D,  D-Prime, G - 1 )  m i s s i o n  
sequence  would be a c c e p t a b l e  i f :  ( a )  t h e  D - P r i m e  m i s s i o n  accom- 
modated a number o f  c o n f l i c t i n g  r e q u i r e m e n t s ,  ( b )  s e v e r a l  
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o b j e c t i v e s  were d e f e r r e d  t o  Mission G - 1 ,  ( c )  t h e  m i s s i o n  
p l a n n i n g  and t r a i n i n g  cou ld  be accomplished i n  t h e  r e q u i r e d  
t i m e ,  and ( d )  s e v e r a l  more or l e s s  secondary  DTOs  were "dropped" 
as r e q u i r e m e n t s .  

8.0 ( C ,  C - P r i m e ,  D ,  F ,  G )  Mission Sequence 

T h i s  sequence i s  t h e  c u r r e n t  t e s t  m i s s i o n  sequence ,  
and was used as the  bas i s  f o r  t h e  r e l a t i v e  comparison of T a b l e  
( 3 ) .  The s p e c i f i c  q u e s t i o n  i n  t h i s  s e c t i o n  i s  how t h e  o l d  
Miss ion  E and F o b j e c t i v e s  have been a l l o c a t e d  t o  t h e  c u r r e n t  
( C ,  C - P r i m e ,  D ,  F,  G - 1 )  m i s s ion  sequence .  O f  t h e  16 Miss ion  
E DTOs l i s t e d  on t h e  r i g h t  of T a b l e  (1) as remain ing  a f t e r  
IL'lission D, 1 0  have been a s s i g n e d  t o  Mission F; these are l i s t e d  
i n  T a b l e  ( 8 ) .  Three of t h e  10 l i s t e d  i n  T a b l e  ( 8 1 ,  v i z .  ~ 1 6 . 9  
LM S-Band Updata Link ( E ) ,  ,516.18 LM S t e e r a b l e  Antenna ( E ) ,  
and S20.54 LM Consumables ( E ) ,  have  been combined w i t h  s imi la r  
Miss ion  F DTOs, and w i l l  b e  accomplished i m p l i c i t l y .  Objec- 
t i v e  P 2 0 . 4 6  Transposition/Docking/LM E j e c t i o n  ( E ) .  i s  now 
Secondary on Miss ion  F. ( A  t a b u l a t i o n  of  t h e s e  r eas s ignmen t s  
i s  g i v e n  i n  Appendix A . )  

T a b l e  ( 9 ,  A and B) l i s t s  the  7 Miss ion  E and o l d  
Miss ion  F DTOs which remain a f t e r  t h e  c u r r e n t  m i s s i o n  sequence .  
S i x  of  t h e s e  are from Mission E and one was among the  o l d  l i s t  
of  Miss ion  F r e q u i r e m e n t s .  P 2 . 9  GNCS/MTVC Takeover has been 
a s s i g n e d  t o  Miss ion  D ,  and a DTO s imi l a r  t o  S20.52 S i n g l e  C r e w -  
man CSM Opera t ions  ( E )  i s  a s s i g n e d  t o  Miss ion  D.  These two 
D T O s  are  l i s t e d  a c c o r d i n g l y  i n  Table  (9A). There a re  t h e n  
r e a l l y  only  f o u r  CTOs which have been comple te ly  "dropped" from 
t h e  f l i g h t  t e s t  program because of  the  c o n f l i c t s  d i s c u s s e d  
i n  S e c t i o n  ( 5 . 0 ) .  These are  l i s t e d  i n  Table  (9B). P20.45 
S imula t ed  DOI/Descent Burns ( E )  cannot  be s a t i s f i e d  on Miss ion  
F, b u t  some data  w i l l  b e  o b t a i n e d  b y  t h e  364 second DPS burn  
on Miss ion  D. M20.48 LM Abort Rendezvous ( E )  has been dropped 
i n  p r e f e r e n c e  t o  a nominal  PGNCS rendezvous on Miss ion  F, and 
a l l  rendezvous burns  on Mission D,  w i t h  t h e  e x c e p t i o n  o f  a 
DPS/AGS phas ing  b u r n ,  w i l l  be under  PGNCS c o n t r o 1 , i n c l u d i n g  
t e r m i n a l  phase RCS b u r n s .  P 2 0 . 7 7  VHF Ranging/CSM A c t i v e  Ren- 
dezvous ( F )  has been dropped from Miss ion  F i n  f a v o r  o f  an  
APS/AGS burn - to -dep le t ion .  The VHF r a n g i n g  s y s t e m  w i l l  be  
f lown f o r  t h e  f i rs t  t i m e  on Mission F, and some d a t a  w i l l  be  
o b t a i n e d  on performance.  This da ta ,  a long  w i t h  t h e  s u c c e s s  
o f  t h e  Apollo 7 rendezvous ,  r educes  t h e  impor tance  o f  P20.77. 
P11.16 PGNCS A t t i t u d e / T r a n s l a t i o n  Con t ro l  (Uns taged)  ( E )  i s  
of a more secondary  n a t u r e  and w i l l  be  p a r t i a l l y  accomplished 
on Miss ion  D a l o n g  w i t h  nominal a c t i v i t i e s  i n v o l v i n g  a l i g h t  
d e s c e n t  s t a g e  and a heavy a s c e n t  s t a g e .  
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T h i s  memorandum has assumed t h e  m i s s i o n  r equ i r emen t s  
a s s i g n e d  t o  Miss ions  E and F,  as p e r  August 1 9 6 8 ,  t o  b e  a v a l i d  
i n d i c a t i o n  o f  t he  f l i g h t  t e s t  r equ i r emen t s  remain ing  a f t e r  t h e  
o l d  ( C ,  D )  m i s s i o n  sequence.  O b j e c t i v e s  accomplished on 
Miss ion  C-Prime were s u b t r a c t e d  from t h e  o l d  Miss ion  E and F 
o b j e c t i v e s  t o  o b t a i n  a " f i x e d  s e t "  of  f l i g h t  t e s t  r e q u i r e m e n t s  
r ema in ing  a f t e r  a ( C ,  C-Pr ime,  D )  m i s s i o n  sequence .  Miss ion  
sequence  p o s s i b i l i t i e s ,  i n c l u d i n g  t h e  c u r r e n t  b a s e l i n e  sequence ,  
were d i s c u s s e d  as o f f e r i n g  t h e  p o s s i b i l i t y  o f  a s s i g n i n g  e i t h e r  
Miss ion  D - P r i m e ,  F ,  o r  G - 1  t o  t h e  SA-505/CSM-106/LM-4 con- 
f i g u r a t i o n .  

It i s  concluded t h a t  a ( C ,  C - P r i m e ,  D,  D-Pr ime,  F ,  
G - 1 )  sequence  would accommodate a l l  c u r r e n t  t e s t  o b j e c t i v e s ,  
b u t  would r e s u l t  i n  de l ayed  l u n a r  l a n d i n g  and p o s s i b l y  more 
o v e r a l l  program r i s k  t h a n  necessa ry .  A ( C ,  C - P r i m e ,  D ,  G-1) 
sequence  was found t o  r e q u i r e  a major  d e v i a t i o n  from e x i s t i n g  
f l i g h t  t e s t  r e q u i r e m e n t s ,  even i f  s e v e r a l  o b j e c t i v e s  were 
r e a s s i g n e d  t o  Miss ion  G-1, as p e r  an " e v a l u a t i o n  p l a t e a u "  
concep t .  A ( C ,  C - P r i m e ,  D ,  D - P r i m e ,  G - 1 )  sequence might  pro-  
v i d e  a d d i t i o n a l  freedom for development s h o u l d  t h e r e  be  some 
c u r r e n t l y  u n a n t i c i p a t e d  problems on Miss ion  D. The b a s e l i n e  
sequence ,  ( C ,  C - P r i m e ,  D,  F, G - l ) ,  accompl ishes  a l l  b u t  f o u r  
of  t he  o l d  t e s t  o b j e c t i v e s ,  b u t  these  o b j e c t i v e s ,  r e l a t i n g  t o  
a long DPS b u r n ,  LM a b o r t  rendezvous,  CSM a c t i v e  rendezvous ,  
and  P G N C S / K C S  c o n t r o l  were a l l  r a t ed  a s  P r i n c i p a l ,  r e q u i r i n g  
comple t ion  p r i o r  t o  t he  f i r s t  l u n a r  l a n d i n g  m i s s i o n .  
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At tachments :  
Re fe rences  
Appendix A 
Appendix B 
T a b l e s  1 through A-2 
F i g u r e s  1, 2 ,  3 
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T a b l e s  ( A - 1 )  and ( A - 2 )  l i s t  a l l  o f  t h e  o l d  Miss ion  E 
and F DTOs o f  References  (1) and ( 2 ) ,  and n o t e  t h e  c u r r e n t  
d i s p o s i t i o n  of  t h e s e  DTOs. The Miss ion  C-Pr ime  o b j e c t i v e s  
r e f e r e n c e d  a re  from Reference (17), and the  c u r r e n t  Miss ion  F 
and Miss ion  D o b j e c t i v e s  a r e  from References  (18)  and (191, 
r e s p e c t i v e l y .  
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D T O  N u m b e r i n g  Sys t em ( R e f e r e n c e  2 0 )  

1 . 0  CSM G U I D A N C E  & N A V I G A T I O N  

2 . 0  CSM S T A B I L I Z A T I O N  & C O N T R O L  

3 . 0  CSM P R O P U L S I O N  

4 . 0  CSM E N V I R O N M E N T A L  C O N T R O L  

5 . 0  CSM E L E C T R I C A L  POWER 

6 . 0  CSM COMMUNICATIONS/RADAR/INSTRUMENTATION 

7 . 0  CSM THERMAL/STRUCTURAL/MCHANICAL 

8 .0  CSM S E Q U E N C I N G  

9.0-10.0 ( U N A S S I G N E D )  

1 1 . 0  LM G U I D A N C E  & N A V I G A T I O N  

1 2 . 0  LM S T A B I L I Z A T I O N  & C O N T R O L  

1 3 . 0  LM P R O P U L S T O N  

1 4 . 0  LM E N V I R O N M E N T A L  C O N T R O L  

1 5 . 0  LM E L E C T R I C A L  POWER 

1 6 . 0  L,M COMMUNICATIONS/RADAR/INSTRUMENTATION 

17.0 LM THERMAL/STRUCTURAL/MECHANICAL 

1 8 . 0  LM S E Q U E N C I N G  

1 9 . 0  ( U N A S S I G N E D )  

2 0 . 0  O P E R A T I O N A L / S Y S T E M S  

The fq l lowing  d e f i n i t i o n s  of' ET0 c a t e g o r i e s  are 
used  i n  R e f e r e n c e s  (1) and ( 2 ) :  
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A p r i n c i p a l  d e t a i l e d  t e s t  o b j e c t i v e  which must be 
s a t i s f a c t o r i l y  completed on t h e  a s s i g n e d  m i s s i o n .  F a i l u r e  
t o  do s o  would unduly compromise subsequen t  f l i g h t  s c h e d u l e s  
a n d / o r  r e q u i r e  subsequent  space  v e h i c l e  c o n f i g u r a t i o n .  

PRINCIPAL ( P )  DTO 

A deta i led  t e s t  o b j e c t i v e  which must be accompl ished  
i n  o r d e r  t o  demons t r a t e  a l u n a r  l a n d i n g  c a p a b i l i t y .  Any p r i n -  
c i p a l  de t a i l ed  t e s t  o b j e c t i v e  can  be  a t t e m p t e d  on a subsequen t  
m i s s i o n  w i t h o u t  major  impact .  

SECONDARY (S)  DTO 

A de t a i l ed  tes t  o b j e c t i v e  which w i l l  p r o v i d e  s i g n i f -  
i c a n t  data o r  e x p e r i e n c e ,  b u t  which i s  n o t  a p r e r e q u i s i t e  t o  
t h e  l u n a r  l a n d i n g  m i s s i o n .  



TABLE (1) - DISPOSITON OF MISSION E AND F DTOs 

E & F DTOs ACCOMPLISHED O N  MISSION C-PRIME 

S20.39 PRE-PROGRAMMED LAUNCH WINDOW (E) 
S20.92 SIMULATED TLI BURN (E) 

P6.9 
P20.57 
P20.94 
P6.10 
P20.44 SIMULATED LO1 MANEUVER (E) 
P20.58 STAR/LANDMARK NAVIGATION (E) 
P20.59 STAR/EARTH HORIZON NAVIGATION (E) 
S1.22 { P20.79 
S20.75 

!%A 
P20.100 
S3.19 SPS EVALUATION (E) 
S20.49 SIMULATED TEI MANEUVER (E) 
S20.76 
S20.95 MIDCOURSE CORRECTION CAPABILITY (F) 

CSM/MSFN LUNAR DISTANCE COMM (H. GAIN) (F) 1 
CSM/MSFN HIGH ALTITUDE COMM. (E) 
(CSM) COMM. PROCEDURES & PERFORMANCE (F) 
CSM OMNl ANTENNAS - LUNAR DISTANCE (F) 

I 
CSM GNCS SPACE NAVIGATION (F) 
PASSIVE THERMAL CONTROL MODE (F) 
PASSIVE THERMAL CONTROL PROCEDURES (E) 1 
LUNAR LANDMARK TRACKING (F) 
LUNAR LANDING SITE DETERMINATION (E) \ 
LUNAR PHOTOGRAPHS FROM CSM (F) 

I 

I SPSjRCS MIDCOURSE CORRECTION MANEWERS (E) 

(NONE) 

I PI.21 GNCS LUNAR RETURN ENTRY (F) 
P4.5 ECS . LUNAR RETURN ENTRY (F) 
9 . 1 4  HEAT SHIELD, LUNAR RETURN (F) 

t CSM CONSUMABLES - LUNAR MISSION (F) 
CSM CONSUMABLES- LUNAR TIMELINE (E) I 1 :;:::: 

*MAJOR ISSUES RESOLVED ON C-PRIME 

E & F DTOs  REMAINING A F T E R  MISSION D 

(NONE) 

P2.9 
P16.17 
P20.46 TRANSPOSITlON/DOCKING/LM EJECTION (E) 
P20.66 
P20.80 
P20.86 
,520.52 

GNCS/MTVC TAKEOVER (E) (assigned to D) 
LM/CSM/MSFN VOiCE & TM (F) 

(CSM & LM) LUNAR DISTANCE CREW ACTIVITIES (F) 
(CSM & LM) LUNAR DISTANCE GROUND SUPPORT (F) 
(CSM/LM) LUNAR ORBIT VlSBlLITY (F) 
SINGLE CREWMAN CSM OPERATIONS (E) (assigned to D) 

P11.15 
PI 1.16 
P12.5 
PI2 7 
P12.9 
P12.8 
P16.9 
P16.10 
S ! 6 . ! 8  
P16.12 
P20.45 
M20.48 
P20.77 
S20.47 
P20.78 
P20.82 
P20.83 
S20.54 
S I  2.6 
s13.13 
S16.14 
S16.15 

FGNCS UNDOCKED PERFORMANCE (F) 
FGNCS (UNSTAGED) ATTITUDE/TRANSLATION CONTROL (E) 
AGS INFLIGHT ALlGNMENT/AOT (E) 

UNMANNED AGS CONTROLLED APS BURN (E) 1 
AGS/CES ATTITUDE & TRANSLATION CONTROL (STAGED) (E) 
LM SBAND UPDATA LINK (E) 
LMiMSFN LUNAR DISTANCE COMM. (H. GAIN)(F) , 
LM OMNl ANTENNAS. LUNAR DISTANCE (F) 
SIMULATED DOI/DESCENT BURNS (E) 
LM ABORT RENDEZVOUS (E) 
VHF RANGlNClCSM ACTIVE RENDEZVOUS (F) 
CSM ACTIVE RENDEZVOUS (E) 
LM ACTIVE RENDEZVOUS (F) 

LM CONSUMABLES - LUNAR ORBIT (F) 
LM CONSUMABLES (E) 
AGS INFLIGHT CALIBRATION & PERFORMANCE (E) 
LONG DURATION APS BURN (E) 
LANDING RADAR TEST (F) 
RENDEZVOUS RADAR PERFORMANCE (F) 

AGS CONTROLLED APS BURN (F) I 

1 
EA STEEMBLE A?!T!TE?!?!A :E: , 

t 
PCNCSlACS MONITOR - LUNAR ORBIT (F) 

t 

(NONE) 

S1.19 CSM & LM IMUPERFOvANCE(E) 
P7.26 (CSM & LM) SPACE ENVIRONMENT THERMAL CONTROL (F) 
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0 CSM/MSFN CISLUNAR & LUNAR ORBIT COMMUNICATIONS 

0 CSM PASSIYE THERMAL CONTROL 

0 CSM CISLUNAR NAVIGATION 

0 CSM LUNAR ORBIT NAVIGATION 

0 LUNAR RETURN EhTRY GUIDANCE 

0 CSM LUNAR MISSION CONSUMABLES 

FIGURE (1)  - MAJOR FLIGHT TEST ISSUES RESOLVED ON MISSION C-PRIME 
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LM INTERFERENCE 
WHEN DOCKED 

AREA OF DfMINlSHED 
BRIGHTNESS DUE TO 
V I GN ETT I NG 

44O - 

(b )  SEXTANT 

0 

(a) SCANN I NG TELESCOPE 

FIGURE (3) - CM OPTICS COVERAGE (FROM REFERENCE 4) 
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